ABSTRACT
Introduction
Radiotherapy is an important modality for cancer treatment. It may be used as a single modality or an adjuvant along with the surgery and/or chemotherapy [1] . However, the effective use of ionizing radiation is comprised by side effects that result from the radiation induced damage to normal tissues [2] . Ionizing radiation causes harmful effects through the generation of free radicals.
Radiation damage is to a large extent caused by over production of reactive oxygen species (ROS) which cause disruption of membrane lipids leading to subsequent formation of peroxide radicals [3] . Moreover, Cancer cells have higher levels of reactive oxygen species (ROS) than normal cells, and ROS are, in turn, responsible for the maintenance of the cancer phenotype. There is equilibrium between a free radical (FR)/reactive oxygen species (ROS) formation and endogenous antioxidant defence mechanisms, but if this balance is disturbed, it can produce oxidative stress. Oxidative stress, which is the imbalance between oxidant and antioxidants in favour of the oxidants, can result in injury to all the important cellular components like proteins, DNA and membrane lipids which can cause cell death [4] . Moreover, it was found that oxidative stress is associated with abnormal changes that may lead to disturbances in some physiological processes in the brain and liver that could render living organisms to be susceptible to infectious diseases and ultimately to death. Excessive generation of oxidants are overcoming body antioxidant capability in metabolizing them. These oxidants are often referred to as "free radical species". Free radicals include both Reactive Oxygen (ROS) and Nitrogen (RNS) Species and their production can be from endogenous as well as exogenous sources.
Against oxidative stress, cells are equipped with several natural enzymatic and nonenzymatic antioxidant defences [5] . A major defence mechanism involves the antioxidant enzymes including superoxide dismutase (SOD) and catalase (CAT) which convert active oxygen molecules into non-toxic compounds. The liver has the highest contents of antioxidants and antioxidant enzymes indicating that it plays an important role in pro-oxidants detoxification [6] . Wide spread use of radiation in diagnosis and therapy has necessitated development of a radioprotector to safeguard against human exposures. Pharmacological intervention could be the most prudent strategy [7] where a compound or formulation can act as free radical scavenger and antioxidant and reduce or mitigate the deleterious consequences of ionizing radiation. There is a continued interest in the identification and the development of nontoxic and effective radioprotectants that can reduce the effect of ionizing radiation [8] . The radioprotectors can elicit their action by various mechanisms such as 1) Suppressing the formation of free radicals. 2) Detoxifying the radiation induced reactive species. 3) Inducing the cellular radioprotectors such as superoxide dismutase (SOD), glutathione, prostaglandins and interleukine-1. 4) Enhancing the DNA repair by triggering one or more cellular DNA repair pathways and 5) delaying cell division by inducing hypoxia in tissues [9] .
Recently, series of pyrimido quinoline compounds with sulfonamide moiety were synthesized and have been evaluated for their antioxidant and radioprotective efficacy [10] . Considering this point of view, the present work has been suggested to evaluate of the antioxidant potency and radioprotective efficacy of the novel synthetic compound,(4-
Materials and Methods

Chemicals
A novel pyrimido-quinoline compound (PIQSA), bearing a sulfonamide moiety with molecular formula (C 31 H 29 N 5 O 3 S 2 ).
Synthesis and analysis identification of the compound was previously published [10] . All other chemicals used in the present work were purchased from Sigma Chemical Company, USA.
Animal Care and Handling
The animal Care and Handling were done according to the guidelines issued by the World Health Organization. Geneva, Switzerland and approved from the committee for animal care at the National Centre for Radiation Research and Technology (NCRRT), Atomic Energy Authority (AEA). A total number of 100 old female Swiss albino mice weighing 30 -35 g were selected for this study. Animals were maintained under controlled conditions of temperature (23˚C -25˚C) with 12 h light and dark cycle. The animals were housed in cages with free access to drinking water and standard diet.
Tumor Model
A line of Ehrlish Ascite carcinoma cells (mouse tumors) that used during this work was supplied from the National Cancer Institute, Cairo, Egypt, was maintained and propagated by serial intraperitoneal transplantation of EAC cells in an aseptic environment. 10 6 viable EAC cells were injected intraperitoneal into each animal in an aseptic condition and the day of tumor inoculation was considered as day zero. All the experiments were carried out on tumor bearing mice were conducted 10 days after the EAC transplantation and that day was considered as day one.
Preparation of the Drug and Mode of Administration
The chemical compound freshly prepared was dissolved in sterile DMSO/saline mixture and injected ip 10 days after transplantation of tumor cells into the mice. Gamma irradiation facility was delivered through the NCRRT, Cairo, Egypt. Whole body gamma irradiation of animals was performed using Gamma cell-40 (Caesium-137 source). Radiation exposure delivered three times each of 2 Gy at a dose rate of 0.85 G/min at the last week of the experimental period.
Experimental Design and Treatments
Three treatment modalities were applied during this work on both normal and also animals bearing tumors. Chemical treatment alone, treatment started at the 11 th day of the experimental period, animals of this group injected ip with 0.350 mg/kg body weight three times per week for 21 successive days. Radiation treatment alone, animals of this group subjected to the radiation doses at the last week of the experiment. Combined treatment modality, chemotherapy treatment started at the 11 th day of the experiment, animals injected with o.350 g PIQSA /kg body weight 20 minutes prior to the exposure to each of the gamma irradiation dose at the last week only. Animals were randomly divided into three main groups: Control as well as plasma high density lipoprotein (HDL) [18] and plasma low density lipoprotein (LDL) [19] were measured. Also alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities [20] as well as creatinine [21] and urea levels [22] were estimated in plasma. About 1 2 ml of whole blood was quickly taken into clean tubes mixed with anticoagulant and used freshly for blood counting, and haemoglobin estimation [23] . Statistical evaluation of the data was done using one way ANOVA test [24] . Data are shown as means ± SD and the level for statistical significance was p < 0.05. group (n = 20), normal treated animals (n = 40), and animal bearing tumor group (n = 40). The normal treated group divided into four subgroups (n = 10 of each), a: mice treated with DMSO, b: mice treated with PIQSA, c: mice subjected to gamma irradiation, d: mice received combined treatment of PIQSA followed by radiation treatment. The third main group, animal bearing tumors, this group also divided into four subgroups (n = 10 in each) as the following; e: untreated animals bearing tumors ,f: animals bearing tumors treated with PIQSA, g: animals bearing tumors subjected to γ-irradiation, h: animal group received combined both PIQSA followed by γ-irradiation treatment. At the end of the experiment animals were kept fasting for 18 hours, thereafter, sacrificed, blood samples were collected into heparinized tubes, allowed standing for 15 minutes to clot at room temperature, then centrifuged using Heraeus Septech Centrifuge (Labofuge 200). The plasma was collected and kept at -20˚C till time of investigation. Liver was excised, rinsed in ice-cold normal saline followed by cold 0.15 mol /L Tris-HCl buffer (PH = 7.4), blotted dry, and weighed. A 10% w/v homogenate was prepared in 0.15 mol /L Tris-HCl buffer and a portion was utilized for estimation of lipid peroxidation [11] . Another portion of liver homogenate was used for estimation of GSH content [12] . The supernatant was used for estimation of SOD [13] and catalase [14] . The plasma levels of total lipids [15] , Total cholesterol [16] , Total triglycerides [17] 
Results
Exposure of both normal group of animals and also animal group bearing tumors to three repeated doses of gamma radiation caused significant change in the different investigated parameters. While lipid peroxidation products in liver homogenate showed a significant elevation. On the contrary, inhibition of reduced glutathione (GSH) and both antioxidants SOD and CAT recorded in both irradiated animals groups (Tables 1 and 2 ). Administration of PIQSA to mice prior to IR exposure markedly ameliorated the elevation of lipid peroxidation and caused a marked improvement in GSH and SOD contents while insignificant change was observed in CAT content as compared to the control group (Tables 1 and 2 ). Our results also recorded significant elevation in all lipid fractions presented as total lipids, total cholesterol, total triglycerides and LDL-c, meanwhile a significant inhibition in HDL-c level in normal animal group subjected to γ-irradiation was recorded as compared to control group ( Table 3) . On the contrary a significant depression was recorded in the same parameters in the animals bearing tumor group except LDL-c level recorded a marked increase ( Table 4) . Administration of PIQSA to animals pre-IR markedly reduced the harmful effect of ionizing radiation on all measured lipid parameters investigated during this work as compared to either of control group or that exposed to γ-rays ( Table 4 ). The activity of plasma AST & ALT presented in (Tables 5 and 6) as well as of plasma creatinine and urea are illustrated in (Tables 6 and 7) . A significant elevation in the activities of AST & ALT observed post exposure of mice to γ-irradiation in both normal irradiated animals and animal bearing tumors when compared to the control group (Tables 5 and 6). The same result was also obvious in animal group bearing ESC tumors as compared to that of the control animals ( Table 6 ). Moreover, treatment of mice with PIQSA before irradiation displayed a significant amelioration of the elevated enzymes activity as compared to that of the irradiated groups (Tables 5 and 6) . Also, the same treatment reduced the level of creatinine and urea, which prove that PIQSA pre-treatment caused a marked protection against the increased level in creatinine and urea when compared to that of the irradiated group (Tables 6 and 7) . In the present work, the effect of different treatments was also evaluated considering some blood indexes, the results were depicted in (Tables 9 and  10 ). The data revealed that there was a non significant change in the peripheral blood counts in normal animals treated with PIQSA ( Table 9 ), indicating that this chemical compound has no adverse effect on the blood indexes at the level of the dose applied during these investigations. On the other hand, the significant improvement attained due to the same treatment in animal group bearing tumors (Table 10) , may be an indication for its protective effect. Exposure of animal groups to γ-radiation induced significant decrease in Hb content as well as in RBCs and WBCs counts. Moreover, a significant change was recorded in the percentages of lymphocytes, monocytes and neutrophiles when compared to the control group (Tables 9 and 10). Administration of PIQSA pre-irradiation of mice minimized the harmful effect of ionizing radiation on the hemobiotic system as shown by the moderate increase in the measured blood parameters compared to those of the control animals or irradiated Represents percentage increase or decrease with respect to normal animal group subjected to γ-irradiation. a: significance vs control at p < 0.05 , a1 significance vs control at p < 0.01. b: significance vs ESC bearing group at p < 0.05, b1 significance vs ESC group at p < 0.01, b2 significance vs ESC group at p < 0.001. c: significance vs ESC bearing group + irradiation at p < 0.5, c: significance vs ESC bearing group + irradiation at p < 0.05, c: significance vs ESC bearing group + irradiation at p < 0.5, c: significance vs ESC bearing group + irradiation at P < 0.01. group ( Table 9 ).
Discussion
Ionizing radiation causes harmful effects through the generation of free radicals. When water, the most abundant intra and extracellular material, is exposed to ionizing radiation, decomposition occurs through which a variety of ROS, such as the superoxide radical, hydrogen peroxide (H 2 O 2 ) and the hydroxyl radical (OH -) are generated. These ROS formed in cells contribute to radiation injury in cells. Although all respiring cells are equipped with protective enzymes such as SOD and CAT or GPX, increased oxidative stress in cells that stem from ionizing radiation may overwhelm the protective systems, leading to cell injury. SOD converts super-oxide anion radical to H 2 O 2 , thus decreasing the amount of and the formation of peroxynitrite anion (ONOO -), a highly destructive product of the interaction between O 2 and nitric oxide [25] .
The present study was carried out to demonstrate the protective the role of the novel pyrimido-quinoline compound (PIQSA) against the deleterious effects of γ-irradiation in treated animals.
Lipid peroxides, formed by the attack of radicals on polyunsaturated fatty acid residues of phospholipids, can further react with redox metals finally producing mutagenic and carcinogenic malondialdehyde, 4-hydroxynonenal and other exocyclic DNA adducts [26] . Accumulation of MAD is believed to be a cause of cell membrane damage.MAD, and has been used as an index of oxidative damage [25] , and reflect the severity of cells attack by free radicals [27] . The results revealed a highly significant increase in MAD level in both groups subjected to γ-radiation (normal group and animal group bearing tumors) (Tables 1 and 2) . Also a significant elevation in MAD level was recorded in the group of animals bearing tumors ( Table 2 ). Similar observations in other laboratories were reported [28, 29] . MDA, the end product of lipid peroxidation (LPO) was reported to be higher in carcinomatous tissue than in non diseased organs. Increased lipid peroxidation would cause degeneration of tissues. Lipid peroxide formed in the primary site would be transferred through the circulation and provoke damage by propagating the process of lipid peroxidation [30] . Administration of PIQSA to animal bearing tumors ( Table 2 ) and also prior to irradiation treatment (Tables 1 and 2) induced a significant reduction in the lipid per-oxidation process. Since LPO is a good marker of damage that occurs due to whole body irradiation, therefore, the decrease of LPO is a sign of the radioprotective action of PIQSA administration to animals prior to irradiation. Cells evolve several antioxidant defences, including repair and detoxifying enzymes, and small scavenger molecules, such as glutathione. The intracellular ROS-scavenging system includes SOD, glutathione peroxidase (GPx), peroxiredoxins (PRDXs), glutaredoxins, thioredoxins (TRXs), and catalase [31] . Glutathione, a non enzymatic antioxidant, is the most abundant endogenous thiol-containing tri-peptide present in millimolar concentrations in eukaryotic cells. It play a pivotal role in maintenance of balance of cellular redox-states, metabolism, transport, catalysis as coenzymes, maintenance of thiol moieties, ect. It acts as radical scavenger, due to redox active sulfhydryl group directly reacting with oxidants and transforms itself into oxidizing glutathione [32] . Evidences suggest that patients suffering from oxidative stressinduced pathological diseases have decreased glutathione oxidant levels. The decreased glutathione levels generally been considered as an index of increased formation of ROS, and subsequent glutathione depletion caused oxidative stress-induced cellular damage [32] . A significant depletion in GSH content was observed during this work in animal group bearing tumors ( Table 2 ) and in both animal groups subjected to γ-IR (Tables 1 and 2 ). These changes are almost similar to those reported in earlier [30, 33] . The observed reduction in GSH content in animal group bearing tumors may be due to the inhibition of GSH synthesis or due to the lack of amino acids required for GSH formation [34] . Moreover, the depletion in GSH after exposure of mice to gamma radiation may be due to reaction of GSH with free radicals resulting in the formation of thiol radicals that associate to produce GSSG. Further, normal synthesis/repair of GSH will be impaired due to damage to DNA and membranes [34] .
The free radical scavenging system, SOD and catalase are present in all oxygen metabolizing cells and their function are to provide a defence against the potentially damaging reactions of superoxide and hydrogen peroxide [35] .
In the present investigation, a significant decrease in hepatic SOD and CAT activity occured in animal bearing tumor group ( Table 2 ) and in the two groups subjected to gamma IR (Tables 1 and 2) . Similar findings were observed previously [36] . The decrease in SOD activity in EAC bearing mice might be due to loss of Mn-SOD activity in EAC cells and the loss of mitochondria, leading to a decrease in total SOD activity in the liver [35] . On the other hand, the decrease in the activity of CAT could be due to a feed back inhibition or oxidative inactivation of enzyme protein caused by ROS generation [37] . The current study recorded a significant decrease in CAT activity in irradiated rats. However, CAT is one of three families of primary antioxidant enzymes in mammalian cells which are critical to peroxide removal. Therefore, the recorded reduction in the enzymatic activity of CAT may be due to the increased utilization of this antioxidant to counteract lipid peroxidation production [38] .
Several possible biochemical mechanisms can explain the significant decrease in the activity of the antioxidant enzymes SOD, CAT due to the whole body gamma irradiation of mice observed in the present study. It is possible to conclude that radiation exposure-induced cell membrane damage with consequent alterations in the dynamic permeability of membranes due to peroxidation, which was followed by the release of intracellular enzymes to the blood stream [39] . Also this finding might be attributed to the antioxidant enzymes utilization by the enhanced production of ROS [40] . Moreover, the significant decrease in the activity of liver antioxidant enzymes of irradiated animals could be due to an increase in lipid peroxides which can cross-link with amino group of protein to form intra and intermolecular cross-links thereby inactivating several membrane bound enzymes [41] .
The administration of PIQSA to tumor bearing mice and/or the two animal groups exposed to γ-IR caused partial improvement in the SOD as compared to both control and irradiated groups respectively. While a significant elevation in CAT activity was recorded with the irradiated group.
The present study demonstrated that administration of PIQSA for 21 days pre-3 repeated doses of γ-IR (each at 2Gy) and the extended doses of PIQS along with γ-IR has significantly reduced in the level of lipid peroxidation associated with enhancement in the activity of antioxidant enzymes SOD and CAT as well as in the content of reduced glutathione in the liver of the treated animals. This could indicate its potency as an inhibitor of ESC and/or γ-IR induced intracellular oxidative stress and also revealed the potential role of PIQSA as an antioxidant and free radical scavenging agent.
Lipids are major cell membrane components essential for various biological functions including cell growth and division of normal and malignant tissues [42] .
Lipids might be associated with cancers as they have an integral role in the maintenance of cell integrity. Although, raised lipids are strongly associated with the pathogenesis of coronary heart disease, researchers have also reported an association between plasma/serum lipids and lipoproteins with different types of cancers [43] . Also γ-radiation changes the lipid profile and increases lipid peroxidation [44] .
In the present work, data collected from animal bear-ing tumor group showed significant decrease in plasma total lipids, total cholesterol, total triglycerides (TG), and HDL-c. This result is in agreement with that published in several prospective and retrospective studies on the inverse association of lipid profile and different cancers [42] . Also animal studies have shown that nicotine, a known tobacco carcinogen affect activity of enzymes responsible for lipid metabolism [45] . It also reported that LDL uptake and cholesterol biosynthesis decreased in liver of tumor bearing animals [46] . This significant decrease in total lipid in some malignant diseases is due to the increase in lipid peroxidation that increased the utilization of total lipids including total cholesterol, and TG for new membrane biogenesis [47, 48] . Table 1 shows an increase in the level of total lipids, cholesterol; triglycerides, lDL-cholesterol associated with a significant decrease in the level of HDL-cholesterol in normal animal group exposed to γ-IR. These finding are in accordance with others [5] . Irradiation induces hyperlipidemia through cell membrane destruction, enhancement of lipid metabolism, cholesterol release and triglycerides synthesis [49] . Free radicals destruct cell membranes and enhance cholesterol release and increase lipid peroxidation [50] . The hyperlipidaemic state observed that also observed after irradiation of mice could be attributed to the mobilization of fats from the adipose tissue to the blood stream [51] , in addition to mitochondrial dysfunction [52] . Regarding to results depicted in Table 1 , which indicate that the administration of PIQSA to animals prior to irradiation reduced to a great extent the deleterious effect of γ-IR on the lipid fractions of the irradiated rats, indicating that the compound may has antilipidemic property.
On its own, administration of PIQSA didn't exhibit any adverse effect on either of liver or kidney functions (Tables 5 and 7) . A significant elevation in AST and ALT enzymes activity (Tables 5 and 6) as well as in creatinine and urea (Tables 7 and 8) was observed in the two animal groups subjected to γ-radiation. It seems that there is an association between radiation induced oxidative stress and elevated different lipid fractions, as well as radiation induced oxidative stress and elevation of AST and ALT and increased levels of creatinine and urea. This association might point out that irradiation induced liver and kidney damages [53, 5] . The increase in both aminotransferase activities in animal group bearing tumors ( Table 6) was stated by other investigators [54] , who reported the elevation of both enzymes activity in patients with wide varieties of cancers. Also AST and ALT activity showed an elevation in plasma fibrosarcoma induced rats [55] . Pre-administration of PIQSA to mice at a dose level of 0.350 mg/kg ameliorated the hazardous effect of irradiation on of AST and ALT activity (Tables 5 and 6) and also on the increased levels of creatinine and urea (Tables 7 and 8) when compared to the irradiated animals.
In the present study, the effect of the different treatments on some haematological indexes was evaluated and the results were depicted in (Tables 9 and 10) . The decrease in blood counts recorded in animal group bearing tumor being in consistent with others [56] . Anaemia and mylosuppression are of the common problems encountered in cancer therapy. Anaemia occurring in tumor-bearing mice is mainly due to reduction in RBCs, or Hb production. This event might occur either due to iron deficiency or haemolytic or mylopathic conditions [57] .
Also, the decrease in haemoglobin content and RBCs counts was recorded with irradiated mice during this investigation could be attributed to the impairment of cell division, obliteration of blood-forming organs, alimentary tract injury, depletion of factors needed for erythroblast differentiation and reticulocyte release from the bone marrow and the loss of cells from the circulation by haemorrhage or leakage through capillary walls and/or the direct destruction of mature circulating cells [58] . The significant reduction recorded in WBCs in animal group exposed to γ-radiation could be explained on the bases that irradiation exposure-induced leucopoenia which was a direct consequence of the lymphopenia and neutropenia [59] . Pre-administration of PIQSA to mice restored the levels of the investigated blood indices with consequent increases in Hb content, RBCs & WBCs. Moreover, a significant improvement in the percentages of leukocyte defferential counts was occured when compared to either of control group or irradiated group.
Conclusions
According to the fore mentioned results, we can conclude that PIQSA exhibited antioxidant efficacy, possibly may due to its ability to trigger the endogenous GSH level, and also the two main antioxidants enzymes, SOD and CAT activity. This action was accompanied with a suppression of lipid peroxidation. Also, PIQSA possess a radioprotective activity against radiation induced injury on different tissue organs (liver, Kidney and hemobiotic system).
